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Mode of death, frequency of a healed or an acute myocar- 
years of age or older with 
artery disease. No patient 
operation r coronary angio 
clsssied into four aor groups and each major group was 
classified into two suhg~~ps: 1) acute myocordicrl i@uct 
without (306 patients) ok with (119 patients) a healed 
QlyocardM iof- 2) s&&II auf ofbospitol deul% without 
(121 patients) orwith (118 patients) a healed myocardial 
infarct; 3) chronic congestive heart jkilu~ with 
myocatriial i+rct without (137 patients) orwit 
tie&) a lert ventricular uneurysm; and 4) s&&n in- 
0 patients) orwith (35 patients) 
men (77%) ws 60 f 11 
and of the 202 women (23%), 68 f 13 years (p = 
arteries were severely mrowefI (>75% in cross6ectionaP 
area) by atherosclerotic plaque was highest inthe unstable 
Atherosclerotic coronary artery disease usually manifests 
itself clinically by angina pectoris or acute myocardial in- 
farction, and occasionally by evidence of congestive heart 
failure or arrhythmia without angina or myocardial infarc- 
tion. The reason why one patient with coronary artery 
disease has angina nd another has a myocardial infarct is 
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not known. The mode of death in coronary artery disease 
and the frequency of the various morphologic conseSquences 
of severe coronary artery disease have not been examined in
a large number of patients at necropsy in nearly 30 years. 
During the last 30 years, patients with atherosclerotic coro- 
nary artery disease have been categorized much dilfferently 
than in earlier years. Unstable angina pectoris and ischemic 
cardiomyopathy are conditions not included in earlier s
ies of mode of death from coronary artery disease. In 
report, we describe mode of death; frequency of a healed or 
an acute myocardial infarct, or both; number of major 
epicardial coronary arteries everely wed by a~bero- 
sclerotic plaque; and heart weight in 889 patients >30 years 
of age studied at necropsy. 
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The present study w 
of age whose cause of 
artery disease. A total 
All bad one or more 
descending and left cir 
cases were initially exa ed by one of us (W.C.R.) who 
cases inchtded in this study, 63 were studied from l%l to 
1970,346 from 1971 to 1980 and 4gO from 1981 through June 
The heart in cases included before 
tale, which is accurate to 
raneous mate~a~ 
pulmonary trunk and ascending aorta were excised about 2 
cm cephalad to the sinotubular junction, i.e., an i 
line corresponding to the most cephalad extension of the 
The onset of sympto 
in all 239 patients while 
atients 39%) itoccurred shortly after arrival at t 
di~ret~ss, for c~lmg~stive 
dilated left vernacular s 
ular scar. 
The 
sular 
ad been a portton o 
ventricular wall (3,4). The afleurysma~ wall 
of scar tissue. At necropsy, the bulge of the aneurysm 
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Table 1. Clinical and Morphologic Findings in 889 Necropsy Patients >30 Years of Age With Fatal atherosclerotic Coronary 
Artery Disease 
Acute Myocardial Infarct Sudden Out of Hospital Death 
Healed Myocardial Infarct 
Variable Absent Present Absent Present 
No. of patients 
Men/women 
Age (yr) mean (range) 
Men 
Women 
Men and women 
No. with SH 
No. with AP 
No. with DM 
Heart weight (g) mean (range) 
Men 
Women 
Men and women 
No. of men with HW 5400 g 
No. of women with HW 5350 g 
No. of men and women with normal NW 
No. of major CAs >75% in CSA plaque 
I 
2 
3 
4 
bl 
Acute myocardii infarct 
Healed myocardial infarct 
Chronic CHF 
Left ventricular aneurysm 
Sudden death 
306 (34%) 
200 (65%)/106 (35%) 
II9 (13%) 
82 (6%)/37 (31%) 
121 (14%) 118 (13%) 
109 (9O%Vl2 00%) 105 (8%)/13 (II%) 
62 f. II (35 to931 63 + II (37 to881 53 +_ 11 (JO to 91) 57 + 12 (30 to 901 
72 + II (37 to941 69 + I2 (43 to 95) 60 + 19 (31 to 85) 57r II (42to78) 
66 i: I2 (35 to941 65 + I2 (37 to951 54 I I2 (30 to 91) 56 r 12 (30 to 90) 
1311239 (55%! 50189 (56%) 42187 (48%) 13166 (50%) 
701243 (29%) 48199 (48%) 19180 (24%) 34.7 1 (48%) 
60/182 (33%) 35i92 (3870) 8160 (13%) 16160 (27%) 
479 2 94 (290 to 800) 490 f 84 (330 to 685) 488 2 123 (310 to 9251 5P7 2 125 (3115 to 915) 
407 f 88 (219 to 670) 434 2 77 (270 to 555) 418 + 119 (290 IO 650) 437 f 107 (305 to 660) 
454 -+ 98 (219 to 800) 412 + 86 (270 to 6851 480 -+ 123 1290 to 925) 508 -+ 126 (38 to 915) 
471200 (24%) 14182 (17%) 341109 (31%) 2OllOS (1%) 
311106 (29%) 7137 (19%) 402 (33%) 3/13 (23%) 
781306 (25%) 211119 (18%) 38021 (31%) 230 18 (I9%‘c) 
51 (17%) 
62 (20%) 
135 (44%) 
I4 (5%) 
44 (14%) 
306 (IOO%) 
0 
6 (5%) 
23 (19%) 
66 (55%) 
IO (9%) 
14 (12%) 
119 1100%) 
II9 (100%) 
20 (17%) 
24 (20%~ 14 (12%) 
39 (32%) 31 (26%) 
48 (40%) 63 (53%) 
4 I-x) 7 (6%) 
6 (5%) 3 (3%) 
0 0 
4 (3%) 
0 
0 
0 
0 
121 t1oO!%t 
118 (K!O%l 
IO (8%) 
2 (2%) 
AP = angina pectoris: CA = coronary artery: CHF = congestive heart failure; CSA = cross-sectional area: DM = diabetes mellitus; HW = heart weight; 
SH = systemic hypertension. 
extended outward compared with the nonaneurysmal w ll of 
the left ventricle. The mouth into the aneurysm was the 
largest diameter or equivalent tothe largest diameter of the 
aneurysm. Most aneurysms contained intraaneurysmal 
thrombus. 
Sudden in-hospital th. All 55 patients in this group 
died in the hospital. Of the 55 patients, 35 were hospitalized 
because of increasing frequency or intensity of angina pec- 
toris; all 35 patients had cardiac arrest, usually several days 
after hospitalization. Nine of the 35 patien!s with unstable 
angina had cardiac arrest during cardiac atheterization, a d 
died at the time or shortly after initially successful cardiac 
resuscitation (5); the other 26 patients had cardiac arrest 
outside the cardiac athetetization laboratory, but in the 
hospital. The initial cardiac arrest in 25 of the 26 patients was 
fatal; the remaining patient developed evidence caf acute 
myocardial infarction after nonfatal arrest 34 h before the 
fatal arrest. 
All 20 patients who died in the hospital without unstable 
angina had been admitted to the hospital for conditions other 
than myocardial Ischcmia. Four died suddenly during hemo- 
dialysis for chronic nnal failure. Seven had cardiac arrest 
while being ev,luated for a noncardiac problem. Nine die 
suddenly shogly after a noncardiac operation; seven after 
peripheral vascular surgery; one after eye surgery and one 
after spinal cord surgery; none had pulmonary emboli at 
necropsy. 
Criteria for inc t. A heart weighing 
>350 g in women and NUO g in-men was considered 
increased inweight. 
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137 (is%) 
118 (BS%)/lO !!4%! 
63 2 IO (38 to 86) 
67 + I4 (41 to 891 
d IO (38 IO 89) 
4ti92 (50%) 
4tI99 (41%) 
37178 145%) 
564 z?I 1109 (330 10 940) 
41s + 77 (340 io 6501 
557 2 IO7 (330 to 9401 
61118 (5%) 
1119 (WC) 
71137 (5%%) 
3s (4%1 
26 (74% J/9 ( 26% ) 
42 i: P P (43 IQ 77) 
622 II (46~077) 
62 ? i]O (43 to 79) 
14129 (43%) 
3513.5 t l@O%~ 
1oi27 (37%) 
889 (100%) 
687 (77%)/202 (23%) 
60 2 I1 (30 IO 93) 
68 t 13 (31 1095) 
62 i 12 dlO95) 
3411640 (53%) 
26w664 (39%) 
878/533 (33%) 
SOS + I10 12w IO 940) 
427 2 34 (220 lo 685i 
488 + 1 I I (220 to 940) 
129/687 (19%) 
481202 (24%) 
177/w (20%) 
128 (14%) 
207 (23%) 
402 (45%) 
SS (6”) II 
97 (II%) 
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[48%] of 99 versus 70 [2%] of 243; p = 0.001). Among 
patients who died suddenly outside the hospital, those with 
a heated myocardial infarct bad a higher frequency ofangina 
pectohs than did those without a healed myocardial infarct 
(34 [48%] of 71 versus 19 [24%] of 80; p = 0.01). 
clinical information concerning the presence or absence 
of diabetes mellitus was available in 533 patients (60%): 178 
(33%) had diabetes mellitus and 355 (67%) did not. The 
frequency of diabetes was lowest in the patients who died 
suddenly out of the hospital without a healed myocarBial 
infarct (8 [!3%] of 60) and highest in the patients with 
chronic congestive heart failure with a healed myocardial 
infarct without a left ventricular neurysm (37 [47%] of 78; 
p = 0.001). 
wing. In all 889 patients, at least 
one of the four m picardial coronary arteries was 
narrowed >75% in cross-sectional area by atherosclerotic 
plaque. Of the 792 patients in whom all four major arteries 
were available for examination, only one artery was so 
narrowed by plaque in 128 patients (16%); two arteries were 
so narrowed in 207 patients (26%); three arteries were so 
narrowed in 402 patients (51%); and all four arteries were so 
narrowed in 55 patients (7%). Of the 3,168 major epicardia! 
coronary arteries in these 792 patients, 1,968 arteries (62%) 
were narrowed >75% in cross-sectional area by atheroscle- 
rotic plaque, an average of 2.48 of 4 major arteries per 
patient. Thus, “multivessel” coronary artery disease was 
present in >80% of the patients, and none of the coronary 
arteries in any patient s devoid of atherosclerotic plaque. 
Heart weight and ol death. The heart weight in the 
889 patients ranged from 220 to 940 g (mean 488 f I 11); the 
heart weight ranged from 290 to 940 g (mean 505 + 110) in 
the 687 men and from 220 to 685 g (mean 427 -’ 94) in the 202 
women. The mean heart weight was greatest in the group 
with chronic ongestive heart failure with a healed myocar- 
dial infarct; values were lower and similar among each of the 
other three groups. Of the 889 patients, 437 (4%) had a 
healed myocardia! infarct, and they had a significantly 
heavier heart han those without a healed myocardia! infarct 
(514 f. 109 versus 462 + 108; p = O.OW). 
Of the 889 patients, 177 (20%) had a heart of normal 
weight. The percent of patients with normal heart weight 
was greatest for the group with sudden out of hospital death 
without a healed myocardial infarct (38 [310/o] f 121) and 
least for the group with chronic ongestive h art failure with 
a healed myocardial infarct (8 [5%] of 170) (p = 0.001). The 
percent of patients with a normal heart weight was greater 
for those without han for those with a healed myocardial 
%I of 437 versus 59 [13%] of 452; p = 0.001). 
and the armk of eoro 
wed. Clf the 889 patients, 128 (1 
sectional area narrowing by atherosclerotic plaque of only 
one major (right, left main, left anterior descending and left 
CiKumflex) epicardial coronary artery, and 100 (78%) of 
them bad increased heart weight; 207 (23%) 
arteries o narrowed and 170 (82%) bad i 
weight; 402 (45%) had three major arteries o ~a~~~wed an 
326 (81%) had increased heart weight; 55 (6%) had >75% 
narrowing of four arteries and 32 (58%) had increased heart 
weight; 97 (1.1%) patients had >75% narrowing of one or 
more major epicardial coronary arteries, but the exact 
numbgr of arteries so narrowed was not known and 76 (78%) 
had increased heart weight. Therefore, t&e 
one or more core 
sectional rea by plaque. 
these 425 patients, 119 (28%) had had a previous abate 
myocwdial infarct that had heale 
presence ofb gros 
and 326 (78%) hod a heart of increased weight. Of these 425 
patients, 282 were men and 143 (34%) 
the mean age th for the men was 62 yea 
women, 71 years. Systemic by~~e~s~o~ had beem present 
(by history) in 55%, angina pectoris in 35%, diabetes mel~itns 
in 35% and chronic ongestive heart failure in 5%. Four of 
ardial infarct bad ana- 
neurysm. 
the 889 patients, the 
mode of death in 239 (27%) was cardiac arrest outside the 
hospital. Of these 239 patients, 118 (49%) had h 
myocardial infarct that had healed, as indic 
presence ofa grossly ar in the left ventricular wall. 
Of these 239 patients, ) were men and only 25 (IO?@ 
were women. The mean age at death in the men was 
and in the women, 58 years. Systemic hypertension 
present (by history) in 4%, angina pectoris in 35% 
mellitus in 20% and chronic ongestive heart failure in 4%. 
Only 2 of the 239 patients had a left ventricular neurysm, 
and 178 (74%) had a heart of increased weight. 
ehronk congestive re wit 
infarct. Of the 889 pa mode 
was chronic ongestive h art failure, and all of these patients 
had one or more healed left ventricular infarcts. (Patients 
with chronic congestive heart failure associated with cork- 
nary artery !larrowing, but unassociated with left ventricular 
wall necrosis or fibrosis, were not included in this 
the 170 patients, 146 (86%) were men and 24 (1 
women; the mean age at death in th 62 
in the women, 66 years. ~yst~rni~ on 
present (by history) in 50%, angina pectoris in 40%, diabetes 
mellitus in 44%, a heart of increased weight in 95% and a 
healed left ventricular neurysm in I%. 
visible t 
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“myocardial insufficiency” or “myocardial failure” old 
terms for chronic congestive heart failure or “ischemic 
cardiomyopathy,” as used today? “Sudden death” and 
6@aduai death” in older reports were rarely defined. 
inch&a and exclusion criteria. Some 
past studies included only young individuak others only 
older individuals; ome studies intermixed cases in which 
coronary artery disease caused eath and in which death was 
not of coronary artery disease origin but coronary artery 
disease was present at necropsy or had produced symptoms 
of myocardial ischemia during life. Other studies included 
only patients who died in the hospital and others, only those 
who died outside the hospital; still other studies included 
only cases with a single coronary event-for example, acute 
myocardial infarction-and exchtded those with sudden 
death, or vice versa. 
The use of relatively few cases. Obviously, meaningful 
data on the frequency of the various modes of death from 
coronary artery disease cannot be obtained by studying 
relatively small numbers of patients, irrespective of how 
detailed those studi be. 
The use of data co y numerous physicians with little 
expertise in dii versus that collected by a 
single indivi vely few individuals who specialii 
in cardiovascular diseaxe. Nearly all publications focusing 
on the various modes of death from coronary artery disease 
or the cardiac findings in fatal coronary artery disease have 
been based on data recorded in autopsy protocols and 
collected by numerous physicians with little expertise in 
cardiovascular disease. In the present report, all hearts were 
examined by a single physician who has now specialized in
cardiovascular diseases for 3 decades. 
The treatment of patients in one time period is usually 
rent from that of an r, and th treatments 
may alter frequency of various death and 
necropsy cardiac findings. Coronary care umts were not 
widely emplnyed until about 1970, and the mortality rate 
during acute myocardial infarction, and therefore, subse- 
quent mortality, probably has been affected by their use. 
Pharmaceutical therapy for systemic hypertension was not 
used until about 1950, and in 1972 only 15% of patients in the 
United States with systemic hypertension were having their 
blood pressure adequately controlled by therapy; by 1987. 
this percent had climbed to nearly 60%. Thus, possibly. 
future studies of the heart at necropsy in fatal coronary 
artery disease will see a fall in the frequency ofcardiomegaly 
and maybe &EF reflections ofantihypertensive th rapy on 
the heart. Future studies of modes of death from coronary 
artery disease may reflect he use or abuse of coronary 
aV$oPlastY, coronary bypass grafting and various throm- 
esota study. A superb study of the 
modes of death from coronary artery disease and cardiac 
findings at necropsy in its victims was reported by Spieker- 
man and colleagues (20) in 1%2. Their study analyzed eaths 
of residents in a single commM~ity ( 
during a 5 year period (1947 to 195 
1,026 persons aged 20 years or older 
men) and necropsy was performed in691(67%). 
patients, 563 (55%) died in the hospital and 
done in 377 (67%), and 463 (45%) died outsid 
and necropsy was done in 314 (68 
aged 20 years or over studied at necropsy, 221 
from coronary artery disease (40% of the men and 
women). However, of the 
died from coronary artery 
years or older, 38% died from co 
!n this Mayo Clinic study (201, the modes a~de~t~ in the 
221 patients with fatal coronary artery disease wear as 
follows: I) “acute coronary f; re” (sudden death), 9 
patients (43%); 2) acute myoca I infarction, 87 patients 
(39%); 3) congestive heart failu 2 patients (14%); and 4) 
“thromboembolism,” 8 patients (4%) 
infarct was seen at necropsy in 
a percent virtually identical to that of th 
their study, nine patients included in 
group actually had an acute myocardial i 
patients were transferred from 
myocardial infarct group, the 
infarction as the mode of death would climb to 43%, and the 
frequency of sudden death would fall to 38%, percentages 
similar to those in the present study (48% and 34%). 
As~iati east ~~Q~~~Y 
disease. Ca eart g in me 
>350 g in women) occurred in 80% of our 889 patients. The 
average heart weight in the men was 505 g and in the women, 
427 g. Of the 170 patients with congestive heart failure, 162 
(95%) had a heart of increased weight: in contrast, of the 239 
patients who died suddenly outside the hospital, 178 (74%) 
had a heart of increased weight. Of all 889 patients, only 20% 
had a heart of normal weight. 
Although several previous publications have described 
cardiac weight at necropsy in some subsets of coronary 
artery disease patients, the number of cases included in each 
study has been relatively small, and the heart weight was 
that mainly recorded in autopsy protocols where normous 
variations occur, depending on the care of the prosector. 
The cardiac weights in our study were obtained in the same 
manner over nearly a 30 year period. Nevertheless, record- 
ings by others are similar to ours. Romppanen et al. (24) 
described mean cardiac weight in 55 men and in 24 wome 
with an acute or healed myocardial infarct, or both: the mean 
heart weight of 8 men and 4 women with an acute myscardial 
infarct was 487 k 45 and 402 f 73 g spectively; of22 men 
and 8 women with a healed 
and 412 f 88 g, respectively; of 20 men and II women with 
both a healed and an acute myocardial infarct, 506 + 54 and 
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